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(57) ABSTRACT

A broadband-operable impedance filter has capacitive ele-
ments of variable capacitance in the signal path, an inductive
element in a parallel path connected in parallel to the signal
path, and inductive elements in the ground path. The imped-
ance filter allows communication in a first frequency band
and the reception of HF signals in a second frequency band.
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1
IMPEDANCE MATCHING CIRCUIT
CAPABLE OF BROADBAND OPERATION

This patent application is a national phase filing under
section 371 of PCT/EP2011/052289, filed Feb. 16, 2011,
which claims the priority of German patent application 10
2010 008 920.6, filed Feb. 23, 2010, each of which is incor-
porated herein by reference in its entirety.

TECHNICAL FIELD

The invention relates to an impedance matching circuit that
is capable of broadband operation and, in particular, embodi-
ments allow transmission and reception in a first frequency
band and also simultaneous reception in a further frequency
band.

BACKGROUND

Abrupt changes in the impedance of an RF line result in
reflections in the RF signal. In mobile communication appli-
ances, impedance matching circuits match the antenna
impedance to the impedance of the signal lines. If, by way of
example, the antenna of a mobile communication appliance
has a different impedance than the impedance of the signal
line, the signal transmission from and to the antenna is subject
to interference. In modern mobile communication appli-
ances, antennas may be connected which have an impedance
that is highly dependent on their physical surroundings.
Changes in the surroundings of the antenna bring about a
change in the antenna impedance. An impedance matching
circuit which matches the variable antenna impedance to the
impedance of subsequent stages of the mobile communica-
tion appliance is therefore frequently unavoidable.

An adaptive antenna matching network for impedance
matching is known from the Patent Application US 2007/
0194859 A1, for example. An impedance matching circuit
which is connected between an antenna and the front-end
module of a mobile communication appliance comprises
adjustable-capacitance capacitive elements connected in the
signal path and also inductive elements. In a “closed control
loop” mode, good impedance matching is achieved in a nar-
row frequency range. In an “open control loop” mode, broad-
band matching is obtained, but with worsened insertion loss.

One problem ofknown impedance matching circuits is that
the impedance matching generally relates to a single fre-
quency band. In this frequency band, the impedance has good
matching, but in other frequency bands it is possible neither to
send nor to receive RF signals.

SUMMARY OF THE INVENTION

In one aspect, the present invention provides an impedance
matching circuit which allows transmission and reception in
a first frequency band and which at the same time allows at
least the reception of signals in a second frequency band.

The invention specifies an impedance matching circuit
which has a signal port, a load port and a signal path con-
nected between the signal port and the load port. It also
comprises a firstand a second variable-capacitance capacitive
element and also a first, a second and a third inductive ele-
ment. The signal path contains a node. The first variable-
capacitance capacitive element is connected between the sig-
nal port and the node. The second variable-capacitance
capacitive element is connected between the node and the
load port. The first inductive element connects the node to
ground; the second inductive element connects the load port
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to ground. The third inductive element connects the signal
port to the load port in a parallel path which is connected in
parallel with the signal path.

Such an impedance matching circuit allows transmission
and reception of RF signals in a first frequency band and the
reception of RF signals in a second frequency band. In par-
ticular, it allows adaptive impedance matching in the first
frequency band, in order to react to changes in the surround-
ings. Even if the impedance in the first frequency band is
adaptively regulated, it is possible to receive received signals
in the second frequency band without adaptive matching.

Such an impedance matching circuit is of simpler design
than known matching circuits. It comprises fewer variable-
impedance elements. As a result, itis cheaper to manufacture.
Its variable-capacitance elements are limited to the signal
pathin terms ofthe arrangement of said elements. This allows
the impedance to be adjusted using a simpler, faster and more
robust algorithm.

In one refinement of the impedance matching circuit, the
first inductive element has an inductance between 0.5 nH and
2 nH. The second inductive element has an inductance
between 1 nH and 3 nH, and the third inductive element has an
inductance between 1 nH and 3 nH. The adjustment range for
the capacitance of the first variable-capacitance capacitive
element is in the range from 0.5 pF to 3 pF. The adjustment
range for the capacitance of the second variable-capacitance
capacitive element is in the range from 1 pF to 10 pF. The
adjustment ranges for the capacitive elements may make full
use of the indicated ranges or may be subsets thereof.

In one embodiment, the load port is connected to a first
antenna by means of a microstripline. The microstripline may
be designed such that it also performs impedance matching
itself.

In one embodiment, the impedance matching circuit is
connected in a mobile communication appliance and allows
transmission and reception in the 1 GHz band and at the same
time reception in the 2 GHz band.

The first frequency band may be the 1 GHz frequency band,
for example. The 1 GHz frequency band denotes the fre-
quency range which is intended for mobile radio and which is
situated essentially below 1 GHz or at frequencies around 1
GHz. By way of example, the second frequency band may be
the 2 GHz band. The 2 GHz frequency band denotes the
frequency range which is intended for mobile radio and which
is situated essentially between the 1 GHz frequency range and
the frequency range around 2 GHz. W-CDMA band 12 (trans-
mission frequencies are situated between 698 and 716 MHz;
reception frequencies are situated between 728 and 746
MHz) may be the first frequency band, for example.
W-CDMA band 12 can be used to send and receive RF sig-
nals. In addition, the impedance matching circuit allows the
reception of signals in W-CDMA band 1 between 2110 and
2170 MHz. Other bands, e.g., other W-CDMA bands, e.g.,
W-CDMA band 5, may likewise be the first band.

In one embodiment, adaptive regulation of the impedance
matching is effected in the 1 GHz band by varying the values
of the capacitances of the first and second variable-capaci-
tance capacitive elements.

In one embodiment, the load port is connected to a first
antenna. A switch is used to connect the load port to a second
antenna. The switch connects the load port to the second
antenna when the reception in the 2 GHz band is better via the
second antenna than via the first antenna.

As already mentioned above, the impedance of an antenna
can vary. If a mobile communication appliance comprises
two antennas, the reception in a particular frequency band
may be better via the second antenna than via the first antenna,
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the first antenna being used to transmit transmission signals
and received signals in the first frequency range.

In one embodiment, the 1 GHz band is used to send and
receive call data. The 2 GHz band is used to receive a diversity
signal. A diversity signal is an additional received signal
which can improve the signal quality, for example.

In one embodiment, it is possible to receive a signal which,
in addition to signals which transmit call data. By way of
example, an additional received signal may be a received GPS
signal or a received broadcast radio signal.

BRIEF DESCRIPTION OF THE DRAWINGS

The impedance matching circuit is explained in more detail
below with reference to exemplary embodiments and associ-
ated schematic figures, in which:

FIG. 1 shows a basic form of the impedance matching
circuit;

FIG. 2 shows an impedance matching circuit which is
connected to an antenna by means of a microstripline;

FIG. 3 shows an impedance matching circuit which is
connected to two antennas;

FIG. 4 shows the insertion loss of the signal path in a first
frequency range;

FIG. 5 shows the reflection coefficient of the signal path in
the first frequency range;

FIG. 6 shows the insertion loss of the signal path in a
second frequency range; and

FIG. 7 shows the reflection coefficient of the signal path in
the second frequency range.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

FIG. 1 shows an impedance matching circuit IAS accord-
ing to the invention. A node K is arranged between the signal
port SPO and the load port LP in the signal path SPF. A first
variable-capacitance inductive element IE1 connects the
node K to ground. A second inductive element IE2 connects
the load port LP to ground. The signal port SPO and the node
K have a first variable capacitive element KE1 connected
between them. The node K and the load port P have a second
variable-capacitance capacitive element KE2 connected
between them. A parallel path, which is connected in parallel
with the signal path SPF and connects the signal port SPO to
the load port LP, has a third inductive element IE3 connected
in it. The signal port SPO may be connected to subsequent
stages of a mobile communication appliance, e.g., a front-end
circuit, filter circuits or amplifier circuits. The load port LP
may be connected to an antenna of the relevant communica-
tion appliance in which the matching circuit may be con-
nected.

FIG. 2 shows the impedance matching circuit from FIG. 1,
wherein the load port LP is connected to an antenna A by
means of a further element, e.g., a supply line ZL.. By way of
example, the further element may be a microstripline.

FIG. 3 illustrates the connection of the impedance match-
ing circuit to two different antennas A1, A2. Switches S1, S2
can be used to connect the load port LP exclusively to the first
antenna A1 or exclusively to the second antenna A2 or to both
antennas Al and A2. It is advantageous to connect the load
port to that antenna which has the better transfer characteris-
tics. The usual methods, e.g., using detector circuits which
ascertain their respective standing wave ratio, can be applied
in order to obtain the matching for the respective antennas.

FIG. 4 illustrates the frequency-dependent profile of the
insertion loss of the signal path in a frequency range between
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710 and 1000 MHz in dB. Particularly in the frequency range
between 770 and 900 MHz, the insertion loss is better than -2
dB. The insertion loss shown allows the transmission and
reception of RF signals, e.g., for the purpose of communica-
tion. Adaptive matching of the impedance in the first fre-
quency band is possible without the need for adaptive match-
ing in the second frequency band. The reason is that
broadband matching is obtained in the second frequency
band. In addition, however, it is possible for the impedance in
the second frequency band to be adaptively matched in order
to further improve the reception in the second frequency
band.

FIG. 5illustrates the reflection coefficient of the signal path
with an impedance matching circuit according to the inven-
tion in the frequency range from 700 MHz to 1000 MHz in
dB. Particularly in the frequency range between 780 MHz and
960 MHgz, the reflection coefficient is better than -6 dB.

FIG. 6 illustrates the insertion loss in the frequency range
from 2100 to 2200 MHz as a second frequency band in dB. In
this case, the insertion loss is essentially constant at approxi-
mately —1.4 dB. Hence, sufficiently good reception in the 2
GHz frequency band and transmission and reception opera-
tion at frequencies between 700 MHz and 1000 MHz as a first
frequency band are simultaneously possible.

FIG. 7 illustrates the frequency-dependent profile of the
reflection coefficient of a signal path configured according to
the invention in the frequency range between 2100 and 2200
MHz. In this case, the reflection coefficient is essentially
constant at approximately -7 dB.

The profiles of the insertion loss which are shown in FIGS.
4 and 6, said profiles being achieved simultaneously, clearly
show that it is possible to transmit RF signals in different
frequency bands. In particular, it is possible to obtain good
insertion loss in the first frequency range and, by varying the
capacitances of the adjustable capacitive elements, to obtain
matching to different antenna impedances and at the same
time to maintain communication in the second frequency
band.

An impedance matching circuit is not limited to one of the
exemplary embodiments described. Variations which, by way
of example, comprise yet further capacitive, inductive or
resistive elements in the specified signal or ground paths or in
further signal or ground paths are likewise exemplary
embodiments according to the invention.

The invention claimed is:

1. An impedance matching circuit, comprising:

a signal port;

a load port for coupling to at least one antenna;

a signal path coupled between the signal port and the load

port;

an intermediate node arranged in the signal path;

a first variable-capacitance capacitive element coupled

between the signal port and the intermediate node;

a second variable-capacitance capacitive element coupled

between the intermediate node and the load port;

a first inductive element coupled between the intermediate

node and a ground node;

a second inductive element coupled between the load port

and the ground node; and

a third inductive element coupled between the signal port

and the load port in a parallel path parallel to the signal
path.

2. The impedance matching circuit according to claim 1,
wherein the first inductive element has an inductance between
0.5 nH and 2 nH, the second inductive element has an induc-
tance between 1 nH and 3 nH, and the third inductive element
has an inductance between 1 nH and 3 nH.
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3. The impedance matching circuit according to claim 2,
wherein an adjustment range of capacitance for the first vari-
able-capacitance capacitive element is in the range from 0.5
pF to 3 pF and the adjustment range of capacitance of the
second variable-capacitance capacitive element is in the
range from 1 pF to 10 pF.

4. The impedance matching circuit according to claim 1,
wherein an adjustment range of capacitance for the first vari-
able-capacitance capacitive element is in the range from 0.5
pF to 3 pF and the adjustment range of capacitance of the
second variable-capacitance capacitive element is in the
range from 1 pF to 10 pF.

5. The impedance matching circuit according to claim 1,
wherein the load port is configured to be coupled to the at least
one antenna via a microstripline.

6. The impedance matching circuit according to claim 1,
wherein the at least one antenna includes a first antenna and a
second antenna, and the load port is configured to be selec-
tively coupled to the first antenna and/or the second antenna
via a switching unit.

7. The impedance matching circuit according to claim 1,
further comprising a microstripline coupled to the load port.

8. The impedance matching circuit according to claim 7,
wherein the load port is coupled to the at least one antenna via
the microstripline.

9. The impedance matching circuit according to claim 1,
wherein the impedance matching circuit is connected in a
mobile communication appliance and allows transmission
and reception in the 1 GHz band and at the same time recep-
tion in the 2 GHz band.

10. The impedance matching circuit according to claim 9,
wherein adaptive regulation of the impedance matching takes
place in the 1 GHz band by variation of capacitances of the
first and second variable-capacitance capacitive elements.

11. The impedance matching circuit according to claim 9,
wherein call data are sent and received in the 1 GHz band and
a diversity signal is received in the 2 GHz band.

12. The impedance matching circuit according to claim 1,
wherein:

the at least one antenna includes a first antenna and a

second antenna;
the load port is coupled to the first antenna and wherein the
load port is coupled to a second antenna via a switch; and

the switch couples the load port to the second antenna when
reception in the 2 GHz band is better via the second
antenna than via the first antenna.

13. The impedance matching circuit according to claim 1,
wherein call data are sent and received in the 1 GHz band and
a diversity signal is received in the 2 GHz band.

14. The impedance matching circuit according to claim 1,
further comprising a first switch coupled to the load port and
a second switch coupled to the load port.

15. The impedance matching circuit according to claim 14,
wherein the at least one antenna includes a first antenna and a
second antenna, and the load port is coupled to the first
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antenna through the first switch and the load portis coupled to
the second antenna through the second switch.

16. The impedance matching circuit according to claim 15,
further comprising a first microstripline coupled between the
load port and the first antenna and a second microstripline
coupled between the load port and the second antenna.

17. A circuit, comprising:

a signal port;

a load port;

a signal path coupled between the signal port and the load

port;

an intermediate node arranged in the signal path;

a first variable-capacitance capacitive element coupled
between the signal port and the intermediate node;

a second variable-capacitance capacitive element coupled
between the intermediate node and the load port;

a first inductive element coupled between the intermediate
node and a ground node;

a second inductive element coupled between the load port
and the ground node;

a third inductive element coupled between the signal port
and the load port in a parallel path parallel to the signal
path;

an antenna coupled to the load port; and

a microstripline coupled between the load port and the
antenna.

18. A circuit, comprising:

a signal port;

a load port;

a signal path coupled between the signal port and the load
port;

an intermediate node arranged in the signal path;

a first variable-capacitance capacitive element coupled
between the signal port and the intermediate node;

a second variable-capacitance capacitive element coupled
between the intermediate node and the load port;

a first inductive element coupled between the intermediate
node and a ground node;

a second inductive element coupled between the load port
and the ground node;

a third inductive element coupled between the signal port
and the load port in a parallel path parallel to the signal
path;

a first antenna coupled to the load port;

a second antenna coupled to the load port;

a first switch coupled between the load port and the first
antenna; and

a second switch coupled between the load port and the
second antenna.

19. The circuit according to claim 18, further comprising:

a first microstripline coupled between the first switch and
the first antenna; and

a second microstripline coupled between the second switch
and the second antenna.
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